Agriculture (Poľnohospodárstvo), 62, 2016 (1) : 10−18 DOI: 10.1515 DOI: 10. /agri-2016 The direction of changes and conversion of soil organic carbon (SOC) is in most current ecosystems influenced by human activity. Soil Science and Conservation Research Institute is responsible for monitoring the agricultural soils in a five-year cycle. One part of the soil monitoring involves the determination of the soil organic carbon (SOC) storage. Further, we followed the conversion of arable land on grassland during more than 20 years of monitoring period at some locations where changes in land use occurred. Ten places on basic network and 2 places on key monitoring localities in which arable land have been converted into grassland were identified. About 50 percent of studied soils converted into permanent grassland were Cambisols. The other converted soil types were Luvic Stagnosol, Stagnic Regosol, Mollic Fluvisol, and Stagnic Luvisol. The results showed that after the third monitoring cycle (2002) , increase of SOC was observed in all the localities, with the change in land use. Statistical parameter (t-test) confirmed significant differences between the set of average SOC values before and after the land use conversion. The chemical structure of humic acids (HA) isolated from arable soil and permanent grassland indicated increasing of aliphatic carbon content in grassland HA. More aromatic and stabile were HA isolated from arable soils.
Original paper
The soil organic matter (SOM) and its key component, soil organic carbon (SOC), is one of the most important elements in the soil system. SOC is substantive and energetic basis of all biological soil processes and thus it is the basis of the most productive and nonproductive soil function. SOC is also one of the major criteria in the internationally used soil classification system (Micheli et al. 2014) . The direction of changes and conversion of SOC is in the most current ecosystems influenced by human activity -land use. This is especially true for agricultural land, where soil organic matter represents more as 95% (pastures, meadows) or almost 100% (arable land) of total organic carbon accumulated in human-amended ecosystems (Stolbovoy & Montanarella 2008) . The changes in land use means changes in total stock of soil organic carbon. The soils easily and quickly lose organic carbon when natural soils are converted into agricultural soils as vice versa (changes of arable land to permanent grassland, or meadows, respectively agroforestry). It is estimated that soil cultivation, mainly conversion of pasture into arable land, leads to significant organic carbon loses in the overall balance up to 50Pg (Janzen 2006) ; conversely land-use change can offer an opportunity for sequestering atmospheric carbon in soils (Janzen 2006) . Guo and Gifford (2002) , on the basis of meta analysis, show that the conversion of pasture into arable land SOC decreased up to 59%; however, change from crop to pasture can increase the SOC stock (19%). Dawson and Smith (2007) also reported decrease of SOC stock by conversion of forest or meadow into arable land, however, converted cropland to grassland can be sequestrated to soil carbon. Smith (2014) notes that the accumulation of organic carbon by grasslands will only occur under optimal management. Generally, it can be concluded that wherever one of the land use decreases the soil organic carbon, the reverse process usually increases it and vice versa (Guo & Gifford 2002) . In present time, when climate changes induced a loss of SOC, land use has the great impact on SOC dynamics on the landscape scale (Minasny et al. 2014) . Changes in land use occurred also in the Slovak agricultural lands and during the last 20 years, it is observed decreasing of arable lands and increasing of grasslands (Statistical Yearbook of the Slovak Republic 1994 Republic , 2014 . In Slovakia, it has been the regular soil monitoring since 1993 in a five-year cycle. One part of the soil monitoring system is also monitoring of soil organic carbon stock. More than 20 years of monitoring showed the changes in SOC stock, especially after land use conversion.
In this work, we present the changes in content and quality of soil organic matter and total nitrogen on monitoring localities after conversion of arable lands into permanent grasslands.
MATERIAL AND METHODS
Monitoring network, with five-year monitoring cycle, on the selected 10 localities is given in Figure 1 . Changes in SOC stock after land use conversion were detected in the following soil types: Haplic Cambisols, Stagnic Cambisols, Luvic Stagnosol, Stagnic Regosol, Mollic Fluvisol, and Stagnic Luvisol (Societas pedologica slovaca 2014). Changes of SOC stock were also found in Haplic Cambisol (HC) and Haplic Stagnosol (HS) after conversion of arable land to grassland on two key monitoring localities ( Figure 1 ).
Soil organic carbon content was determined according to Turin method in Nikitin modification in 1993 , 1997 , and 2002 , the total content of C and N was determined using analyser EA (Barančíková et al. 2011) . For the evaluation of SOC values, > 3% of previous cycle with last one (2007) PTF function was used. The comparison of differences in SOC stock between results of EA and Turin method is published in Barančíková and Makovníková (2015) . Total nitrogen (N tot ) was determined in 1993, 1997, and 2002 according to the Jodlbauer method (Fiala et al. 1999) . In 2007, we also determined N tot on C, N by analyser EA (Barančíková et al. 2011) . Both methods of N tot determination gave the same results. Qualitative parameter such as optical parameter (Q 4 6 ) was determined according to Konovovova-Beľčikova method (Barančíková et al. 2011) .
Isolation of humic acids (HA) was realised according to the IHSS method. The basic parameters of HA chemical structure (elemental analysis and parameters calculated of 13 C NMR spectra) were found (Barančíková et al. 2011) .
Statistical analysis and data evaluation were carried out using the program Statgraphic XV. Centurion.
RESULTS AND DISCUSSION

Land use changes on localities of basic network
Land-use conversion can be found in all of the Slovak regions (Figure 1 ). It includes different soil types (Table 1) , however, mostly Cambisols (50%) were studied. Cambisols are the most widespread soil type in Slovakia (Bielek 2014) . They occur mainly on hilly and mountain regions, which in last 20 years were converted from arable land into permanent grasslands (Bielek 2014; Statistical Yearbook of the Slovak Republic 1994 .
All the observed localities were divided into three groups. The first group includes only Cambisols, and the second rest of the soil types (Luvic Stagnosols, Stagnic Regosol, Mollic Fluvisol, and Stagnic Luvisol), and the third group represents all the localities (Table 1 ). There were three monitoring cycles -the first in 1993, the second in 1997, and the third in 2002. At the beginning of soil monitoring (1993), all of soils were used as arable lands. In the second monitoring cycle (1997), some of them were converted into the grassland. In 2002 (the third monitoring cycle), all of them were used as permanent grassland (Table 1) . Moreover, in 2013 (the fourth monitoring cycle), two of them were completely removed from agricultural land resources.
This confirms the trend of agricultural land decreasing in Slovakia in the last five years (Statistical Yearbook of the Slovak Republic 1994, 2014).
In Figure 2 , the average values for three soil groups in three monitoring cycles are given. The results show that conversion of arable land into grassland leads to increasing of SOC. This trend is similar on Cambisols (group 1), on group 2, where different soil types are present, and on all the observed localities (group 3). The increase of SOC from crop to pasture is in agreement with literature data (Guo & Gifford 2002) .
In determining the differences of SOC between arable land and grassland, we compared the two sets. 
AL -arable land; G -grassland; 0 -nonagricultural land Barančíková 2014; Gelaw et al. 2014; Manu et al. 2014; Sanford 2014) . Generally speaking, higher input of plant and root residues in grassland soils is stabilizing the SOC stock in the top soil. The wrong soil management, mainly intensive agriculture and low input of organic debris, can highly increase the mineralization processes. The last caused decreasing of SOC in the arable land.
Soil organic matter is an important source of basic biogenic elements for plant growth. More than 95% of the most important biogenic elements such as nitrogen and sulfur are bound in SOM (Baldoc & Nelson 1999) . In accordance with this statement, the values of total nitrogen are in close relationship with soil organic carbon content. Our results confirmed this fact and the significant linear correlation (R = 0.85 ++ , Figure 2 . Average values of SOC on localities where the land use change was found group 1 -Cambisols; group 2 -Luvic Stagnosol; Stagnic Regosol; Mollic Gleyic Fluvisol, and Stagnic Cutanic Luvisol; group 3 -all soil types SOC -soil organic carbon 
Land use changes on key monitoring localities
Changes of SOC stock were also found in Haplic Cambisol (HC) and Haplic Stagnosol (HS) after conversion of arable land to grassland in two key monitoring localities. These soil types represent the less productive agricultural soils (Bielek 2014) . Both of these localities were situated in the north part of Slovakia (Figure 1) in the mountain region. Soil sampling was done here every year. At the beginning of soil monitoring (time period 1994-2001) , these localities were used as arable land and later they became permanent grasslands. The comparison , when these localities were converted into the grassland (G), are given in Figure 5 . Total nitrogen content is given in Figure 6 . Increase of SOC content and N tot content after land conversion was evident.
Qualitative parameters, such as absorption in UV-VIS spectral range and Q 4 6 indexes, were determined. The optical index (Q 4 6 ) represents the absorbance ratio of humic acid solution at λ = 465 and λ = 665 nm (Barančíková et al. 2011) . Higher values of this parameter are characteristic of more labile and less mature soil organic matter, and on the con- in grassland soils to compare with arable soil. We can assume that more labile and less mature is SOM of grassland compared with arable soils (Figure 7) .
Humic acids were isolated every three years from the key monitoring localities. HA from HC were isolated in 1995 , 1998 , 2001 , 2004 , and 2012 . HA from HS were isolated in 1994 , 1997 , 2000 , 2003 , 2006 , 2009 . Data gathered during 1995 -2001 Evaluation of HA structure and elemental composition reflect the dominant characteristic of soil humification. Depending on the HA origin, the carbon content differs. Generally, it represents 35-50% atomic carbon, and 35-45% atomic hydrogen (Than 2003) . Higher content of carbon and lower percentage of hydrogen is characteristic for organic materials with a higher humification degree. The results obtained for HA elemental composition in Haplic T a b l e 2 Elemental composition and calculated parameter of 13 C NMR spectra of humic acids
x-AL average value of elemental analyses and calculated parameters of 13 C NMR spectra for arable land x-G average value of elemental analysis and calculated parameters of 13 C NMR for grassland Cambisol and Haplic Stagnosol are typical of these soil types and are in accordance with the published literature (Barančíková 2014) . As evident from Table 2, decreasing of carbon and hydrogen in HA molecule after land conversion was determined. On the other hand, increase of oxygen and nitrogen in HA molecule was observed (Table 2) . Atomic ratios calculated from HA elemental composition is presented in the form of Van Krevelen diagram (Figure 8) . The ratios H/C and O/C were used for graphic-statistical analyses. This is useful for evaluating the chemical processes influencing the HA formation. Van Krevelen diagram (Figure 8 ) indicated oxidation trend in grassland HA.
The results of 13 C NMR spectroscopy are very useful for HA structure (Novák & Hrabal 2011; Enev et al. 2014) . 13 C NMR spectroscopy can quantitatively detect different carbon types (e. g. carbonyl, carboxyl, aromatic, olephinic, anomer, aliphatic carbon) in HA molecule. The most important 13 C NMR parameters are percentage of aliphatic (C alif ) and aromatic (C ar ) carbon, and aromaticity degree (α). Calculation of aromaticity degree was done according to Hatcher (1981) . The predominance of aliphatic structure and relatively low aromaticity degree (Table 2) was characteristic for HA isolated from HC and HS. After land conversion, increasing of C alif and decreasing of Car ar take place in permanent grasslands (Table 2) . These findings are consistent with the results of Perez et al.( 2004) , who reported that such trend is characteristic of a higher incorporation of plant residues in SOM. Ono et al. (2009) also found out that after incorporation of fresh organic matter content of aliphatic carbon increased and the aromaticity degree decreased. Gonzales- Perez et al. (2007) reported that HA isolated from uncultivated land contained less percentage of aromatic carbon in comparison with arable land.
CONCLUSIONS
Our results confirm that land use change is a main factor influencing content and quality of soil organic carbon. Soil monitoring system is a valuable tool for the observation of these changes. On the basis of statistical analysis, it can be concluded that after land conversion grasslands dispose by higher content of soil organic carbon in comparison to arable land. Higher input of plant and root residues in grassland soils is stabilizing SOC stock in the top soil. Also higher content of total nitrogen in grassland opposite to cropland was found. After conversion of land use, the changes also occurred in quality of soil organic matter. The obtained results show more labile and less mature SOM of grassland to compare with arable soils. Higher input of plant residues and incorporation of fresh organic matter on grassland reflected in changes of humic acid chemical structure. The changes in HA chemical structure confirm the increase in aliphatic carbon content and decrease in aromaticity degree
